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The objective of this study was to determine the influ-
ence of four different watering treatments (T1 = 75-
100%, T2 = 50-75%, T3 = 25-50% and T4= 0-25% of Field 
Water Capacity) on the concentration of total non-struc-
tural carbohydrates during three growth stages (vegeta-
tive, pipe and reproductive) and also in three plant parts 
(roots, stubble and leaves) of the indigenous C4 grass 
species Themeda triandra. The total non-structural car-
bohydrate concentration (TNCC) was hig~er in all the 
plant parts (P~0 . 05) as well as all the growth stages 
Introduction 
Drought is a normal phenomenon in southern Africa and lim-
its the agricultural potential of the region (Snyman 1993). 
Many land users are seemingly unable to cope with the 
adverse effects of drought. Today, the general consensus is 
that most counter-measures are reactive in nature. 
Proactive planning and regular evaluation of adapted strate-
gies can minimise the effects of drought. We should appre-
ciate that many of the impacts of drought are man-induced 
(Snyman and Fouche 1991 , Snyman and Fouche 1993). 
According to Scot and Rabie (1956) researchers have advo-
cated that better knowledge of the growth and development 
of key forage plants, would lead to the application of range-
land management principles that are more scientifically 
based. More information on seasonal growth reserve alloca-
tion (Venter et al. 1997) and how it is influenced by defolia-
tion (Snyman 1999), would contribute to a more sustainable 
utilisation of the rangeland ecosystem. Over utilised areas 
which are moderately to seriously degraded (approximately 
66% of South African rangeland) can be restored by using 
scientific management measures (Scheepers and Kellner 
1995). 
The study of the impact of water stress on plants is ham-
pered, as the phYSiological and biochemical reactions of 
plants to water stress are very complex (Kaufmann 1981). 
The clarification of the ro le of non-structural carbohydrates 
in biological processes of forage plants as the most impor-
tant growth reserve has provoked the current intense inter· 
est in this complex group of molecules. Under ideal condi-
tions 80% of the growth reserves used for re-growth are 
derived from carbohydrate reserve pools (Alberda 1957). 
(P~0.05) , in T4 than T1. The results confirm that total 
non-structural carbohydrates are allocated (as growth 
reserves) to certain plant parts with increased water 
stress , with the largest allocation to the stubble. 
Because a mid-summer drought is more the rule than 
the exception in semi-arid areas, severe defoliation of 
Themeda triandra in the pipe growth stage during these 
conditions will be extremely detrimental to the survival 
of this key forage plant. 
The vital role of these reserves in the re-growth and survival 
of perennial grasses, especially when water stress is expe-
rienced (Alberda 1957, 1966, Davies 1965, Davidson and 
Milthorpe 1966), has been confirmed by many researchers 
(Brown and Blaser 1965, Alberda 1966, Cook 1966, Nursey 
1971 , Dina and Klikoff 1973, Hsiao 1973, White 1973, 
Steinke 1975, Opperman et al. 1976, Van Rensburg 1976, 
Trlica 1977, Trlica and Singh 1979, Ford and Wilson 1981, 
Smith 1981 , Deregibus et aJ. 1982, Briske and Woie 1984, 
Richards and Caldwell 1985, Moore 1989, Danckwerts and 
Gordon 1990, Danckwerts 1993, Snyman 1993, O'Connor 
and Bredenkamp 1997, Snyman et al. 1997, Venter et aL 
1997, Engel et al. 1998, Wolfson and Tainton 1999). The 
sensitivity to the water stress is also greatly influenced by 
the phenological stage (Alcocer-Ruthling et al. 1989) and 
the growth stage (Van Rensburg 1976, Moolman et al. 
1996a, b, Sieling et aJ. 1994) of the plant. 
In the extensive arid and semi-arid areas of South Africa 
(approximately 65% of the rangelands in the country) 
(Skinner 1981 ), water is the primary factor limiting produc-
tion and must therefore be conserved and managed as 
effectively as possible (Snyman 1998). Water consumption 
by forestry and animal production within the rangelands 
accounts for approximately 62% of the total rainfall utiliza-
tion in South Africa (Bennie et al. 1997). 
Very little is known about how different intensities of water 
stress influence the non-structural carbohydrate growth 
reserves in the different plant parts (Bussa et al. 1990, 
Bussa and Richards 1995), in different plant species 
(Snyman et al. 1997) and rangeland conditions (Snyman 
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1998). The aim with this investigation in itiated in 1996. was 
to determine how water stress influences the non-structural 
carbohydrate growth reserve status in the C4 grass . 
Themeda triandra , which is a dominant indigenous climax 
species in the semi-arid areas of South Africa . 
Material and Methods 
The research was conducted in a glasshouse over one sea-
son (1998/1999). The temperature was regulated a132"C (+ 
2"C) during the day and 18"C (+2"C) at night to simulate 
actual temperatures during these periods of mid-summer 
droughts (Snyman el a/. 1997). 
Seedlings of Themeda Iriandra were collected (1996) from 
the veld and were planted in plant bags (100mm x 100mm x 
150mm) to allow good establishment. To ensure as little 
genetic variation as possible, all the seedlings were collect-
ed in a 4m' area. After the plants were well established, they 
were replanted (1997) into pots (0.039m') in a loamy fine 
sand soil with 16% clay, 2% si lt and 8.46% coarse silt. The 
sand fraction consisted of 2.5% coarse particles , 9% medi-
um sized particles and 61.88% fine particles. The soil for the 
pots was taken from the upper 100mm of the A-horizon of a 
Mispah-Glenrosa soil type (Soil Classification Work Group 
1991). One hundred and six planted pots were prepared of 
which 36 were used in th is study. 
Four water treatments (T1 = 75-100% of Field Water 
Capacily [FWCJ. T2 = 50- 75% of FWC, T3 = 25--50% of 
FWC and T4 = 0-25% of FWC) were applied . The treat-
ments were applied during Ihe vegetative, pipe and repro-
ductive growth stages. The vegetative growth stage was 
laken to be Ihe stage of growth before Ihe lengthening of the 
first shoot apex. The pipe growth stage in Ihis sludy was 
regarded as the growth stage after the commencement of 
the first shoot apex lengthening and before the actual 
appearance of the inflorescence. After the appearance of· 
the first inflorescence, the plants were identified as being in 
the reproductive growth stage (Langer 1972. Wol fson and 
Tainton 1999). Three planted pots were used for each 
growth stage under each treatment. All the planted pots 
were soaked with water, placed under vacuum at -20 kPa 
fo r 6 hours to reach Field Water Capacity (FWC) and then 
weighed. Three planted pots were dried down up to perma-
nent wilting point and then weighed again to determine aver~ 
age weight incremen ts for each water treatment. Four 
weight ranges were determined from the average weight 
increments. This gave the maximum allowable water weight 
loss for each water treatment. The planted pots in each 
water treatment were dried down to the minimum weight for 
the weigh I range in each water treatment. before the weight 
of water was added to bring it up to the maximum weight for 
that specific water treatment. The severity of water stress 
was determined by Jeaf water potential measurements con-
ducted at biomass harvest using a pressure bomb 
(Scholander el al. 1965), before dawn. The pressure bomb 
readings were - 500kPa for T1. -1250kPa for T2, -2050kPa 
for T3 and -2400kPa for T 4 respectively. Following the leaf 
water potential measurements and biomass harvest, the 
harvested pots were immediately washed out. All the plant 
part samples were dried in a forced draft oven for ten days 
QoslhUlzen and Snyman 
(at 100"C for 1 hour and Ihen completed at 70"C) (Smith el 
al. 1964). The plant parts were divided into roots, stubble 
and leaves. The plant malerial was weighed and grounded 
through a 40 maas sieve and analysed for starch . sucrose 
and D-glucose. The material from each plant was analysed 
separalely and in triplicate. For starch determination the UV-
method of Boehringer Mannheim Cat. No. 207748 was 
used . and for the sucrose and D glucose the UV-method of 
Boehringer Mannhyeim Cat. No. 139041 . 
Results and Discussion 
The TNCC in the leaves. stubble and roots was higher 
(P<0.05) (T-test) under T4 than T1 for all the growth stages 
(Figures 1. 2 and 3). In the vegetative growth stage the 
TNCC in leaves increased from T1 10 T3 and Ihen 
decreased again to T4. This TNCC decrease in leaves in the 
vegetative growth stage (from T3 to T4) can be explained by 
the increase in the stubble from T3 to T 4 as non-structural 
carbohydrates are allocated to primarily the stubble and not 
the leaves. as water stress become more severe. This pre-
pares the plant for surviving drought as it is widely excepted 
that non-structural carbohydrates are utilised for survival 
and re-growth after prolonged periods of draught and severe 
defolia tion. An increase in non-structural carbohydrates of 
the stubble will thus enhance the survival and re-growth abil-
ity of forage plants. These results are in line with the results 
of Nursey (1971) , Opperman el a/. (1976), Pande and Singh 
(1985). Alcocer-Ruthl ing el al. (1989) and Busso and 
Richards (1995). In the vegeta tive stage, the carbohydrate 
concentration (under T4) of the stubble was higher (P<0.01) 
than thai of the leaves. showing the plants' preparation for 
drought by accumulating carbohydrates in the stubble 
(Figure 1). This confirms the results of Trlica and Singh 
(1979) , Ford and Wilson (1981). Smith (1981), Deregibus et 
al. (1982). Briske and Woie (1984) and Richards and 
Caldwell (1985). 
Under T 4. the TNCC in the leaves in the pipe and repro-
ductive growth stages is higher (P<0.05) than for the vege-
tative growth stage. The TN CC in the stubble during the pipe 
growth stage (under T 4) is lower than thai of the slubble dur-
ing the vegetative (P<0.05) and reproductive (P<0.05) 
growth stage (Figures 1. 2 and 3). This can be explained by 
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Figure 1: Total non-structural carbohydrate concentration in the 
leaves, stubble and roots under different water treatments for the 
vegetative stage. Water treatments: T1 = 75-100%, T2 = 50-75%. 
T3 = 25-50%and T 4 = 0-25% of Field Water Capacity 
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Figure 2: To tal non~structural carbohydra te concen tration in the 
leaves, stubble and roots under different water treatments for the 
pipe growth stage, Water trea tments: T1 = 75-100%. T2 = 50-75%, 
T3 = 2S- 50%and T4 = 0- 25% of Field Water Capacity 
the facl tha t planls in Ihe pipe growlh slage aim at complet-
ing Ihe growth cycle at Ihe reproduclive growth stage, is 
therefore less sensit ive to increased levels of water stress 
and the followed allocalion of growth reserves to Ihe stubble. 
. The carbohydrale demand for seed cul m lengthening , seed 
formation and leaf growth at the same time, inhibil a huge 
non-slruclural carbohydrale build-up in Ihe stubble, although 
the plant is under severe water stress. For the pipe and the 
reproductive growth stage, the TNCC in leaves increased 
(P<0.05) from T1 to T4 as the waler stress became more 
severe (Figures 1 and 2). In the pipe growth slage, Ihe pri-
mary objective to complete the growth cycle can make 
Themeda lriandra less responsive to allocating growth 
reserves to the stubble as water stress become more 
severe . Carbohydra tes are allocated and utilised in stem 
elongation and leaf growth during the pipe stage. It can be 
reasoned that Themeda triandra react similar to an annual 
once il is in the pipe growlh stage; Irying 10 complele the 
growth cycle at the reproductive stage when climatic condi~ 
tions become unfavorable. 
Under T1 Ihe TNCC in Ihe rools are similar for al l the 
growth stages. The TNCC in the roots, during the vegetative 
and reproductive growth stages is higher (P<0.05) than that 
for the pipe growth slage form T2 to T4 (Figures 1, 2 and 3). 
The non-structural carbohydrate allocation to the roots was 
higher (P<0.05) during the vegetative growth stage than for 
the pipe and reproductive growth stage under T 4 (Figures 1, 
2 and 3). Moore (1989) also found an increase in the tolal 
non-structural carbohydrate in the roots ofThemeda triandra 
under warm , dry climatic condi tions. These results are also 
supported by Nursey (1971) and Opperman et al. (1976) 
stating that Ihe stubble and roots serve as the most impor-
tant growth reserve pools as water stress become more 
severe. Perennial forage plants translacate growth reserves 
to the stubble and roots as a survival mechanism for pro-
longed periods of droughts and for re-growth after defolia-
tion and at the start of the growing season (Ludlow 1980, 
1986, Volaire 1995). 
The average TNCC over all the growth stages for each 
plant part shows that the stubble is the most important 
(P<0.05) storage area for lotal non-structural carbohydrates 
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Figure 3: Total non-structural carbohydrate concentration in the 
leaves, stubble and roots under different water treatments for the 
reproductive growth stage. Water treatmen ts: T1 = 75-100%. T2 = 
50-7S%. T3 = 25- S0%and T4 = 0-25% of Field Water Capacity 
under severe stress condi tions. Lower TNCC occurs in the 
stubble and roots during the pipe and reproductive growth 
stages than for the vegetative growth stage under T4. 
Should Themeda triandra be intensely defoliated (no photo-
synthesizing leaf material left) under severe water stress, 
the plants would be the most vulnerable to detrimental 
effects in the pipe growth slage, followed by the reproduclive 
growth slage. Themeda triandra is the leasl vulnerable to 
detrimental effects of intense defolia tion under severe water 
stress during the vegetative growth stage. 
Non-structural carbohydrate growth reserves accumulate 
in water stressed plants, because growth is inhibited before 
the rate of photosynthesis decline (Dina and Klikoff 1973, 
Hsiao 1973, Deregibus e/ al. 1982, Snyman et al. 1997, 
Venier et al. 1997). According to researchers like Nursey 
(1971) and Opperman et al. (1976) accumulation is primari-
ly in Ihe stubble. Brown and Blaser (1965) explain that a 
decrease in growth rate causes a decrease in the utilisation 
of non-structural carbohydrates for growth followed by an 
accumulation of these compounds. 
Conclusion 
Limited literature is available on the influence of water stress 
on the growth reserves of key fodder plants (Nursey 1971 , 
Dina and Klikoff 1973, Hsiao 1973, Opperman e/ al. 1976, 
Deregibus et al. 1982, Ludlow 1980, 1986, Ford and Wilson 
1981, Moore 1989 , Volaire 1995. Snyman elal. 1997, Venter 
el al. 1997). The effect of water stress on growth and sur-
vival in combination with growth reserve status is of consid ~ 
erable importance in formulating veld management strate-
gies in semi-arid rangeland . This is especially important in 
the semi-arid areas of southern Africa where a mid-summer 
droughl is more Ihe rule Ihan the exceplion . It is clear from 
this study that water stress has a significant influence on the 
growth reserve status and that water stress and growth 
stage induce fluctuations in carbohydrate concentration in 
various plant parts. These results confirm observations by 
Ludlow (1986) that growth and survival of rangeland planls 
depend on their carbon balance. The results of this investi-
gation illustrate the importance of careful management of 
56 
Themeda triandra Forsk. to ensure sustainable production 
and survival in an ecological sensitive semi-arid cl imate . In 
order to develop a more comprehensive picture on the func-
tioning of the rangeland ecosystem in the dryer areas , the 
influence of water stress on the carbohydrate allocation in 
several other species should also be investigated. 
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